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$F:(\begin{array}{l}p_{n+1}\theta_{n+1}\end{array})=(\begin{array}{l}H’(p_{n})-V’(\theta_{n}),V’(\theta_{n})\theta_{n}+H(p_{n})-\end{array})$ (1)
. $H(p)=p^{2}/2,$ $V(\theta)=K\sin\theta$ , , $H(p)=p^{2}/2,$ $V(\theta)=c\theta-\theta^{3}/3$
, .
, $p_{0}=\alpha$ $p_{n}=\beta$ $n$
$U^{n}$ ,
$<p_{n}|U^{n}|p_{0}>= \int\cdots\cdot\int\prod_{j}d\theta_{j}\prod_{j}dp_{j}\exp[-\frac{i}{\hslash}S(\{\theta_{j}\}, \{p_{j}\})]$, (2)
.





. , $S_{n}(p_{0}, \theta_{0})=\sum_{j=1}^{n}[H(\theta_{j})-V(\theta_{j})+\theta_{j}(p_{j}-p_{j+1})]$ ’
, $A_{n}(p_{0}, \theta_{0})=[2\pi\hslash(\partial p_{n}/\partial\theta_{0})_{p\mathrm{o}}]^{-\frac{1}{2}}$ . ,
( ) $p$ $\mathrm{A}1$ , $P0$
$p_{n}$ .
$\mathrm{a}$ . , $p_{0}$
$p_{n}$ , $p0arrow \mathrm{P}n$ \leq
, , , , 2
$|\mathrm{h}$
.












$\mathcal{M}_{n}\equiv \mathrm{U}\mathcal{M}_{n}^{*,\beta}=\cup\{(p,\theta)\in \mathrm{C}^{2}\beta\in \mathrm{R}\beta\in \mathrm{R}|p_{n}=\beta\}$ (4)
, $\theta_{0}$ $\{\infty=\alpha\}$ .
, , $p_{0}$ $p_{n}$
( , $p_{0}$ $p_{n}$ , ,
$p\mathit{0}$ , $p_{n}$ , ),
[6]. , $S_{n}(p_{0}, \theta_{0})$ (
), (3) (




$\mathrm{C}_{\mathrm{L}\mathrm{a}\mathrm{p}\mathrm{u}\mathrm{t}\mathrm{a}}\equiv$ { $(p,$ $\theta)\in \mathcal{M}_{\infty}|{\rm Im} S_{n}(p,\theta)\infty \mathrm{n}\mathrm{v}\mathrm{e}\mathrm{r}\mathrm{g}\mathrm{a}\mathrm{e}$ absolutely at $(p,\theta)$ } (5)
, [5]. ,
$\mathcal{M}_{\infty}\equiv\cup \mathcal{M}_{\infty}^{\beta}\beta\in \mathrm{R}$ ’ (6)
, $\mathcal{M}_{\infty}^{\beta}$ $\mathcal{M}_{n}^{*,\beta}\equiv$ {( $\in \mathrm{C}^{2}|p_{n}=\beta$} . Laputa
, ,
, (3) [6]. ,
( ) , (1)
:
$1(\mathrm{I}\mathrm{s}\mathrm{h}\mathrm{i}\mathrm{i})F$ (1) $\mathrm{C}^{2}$ , $H(p)=p^{2}/2$, $V(\theta)=d-\theta^{3}/3$
. $u(F)$ $F$ ,
(i) , $u_{\mathrm{p}}(F|_{\mathrm{R}^{2}})>0$ , $\overline{\mathrm{C}_{\mathrm{L}\mathrm{a}\mathrm{p}\mathrm{u}\mathrm{t}\mathrm{a}}}\supset J^{+}$ .
(ii) , $F$ $J$ , $u_{\mathrm{p}}(F|_{\mathrm{R}^{2}})>0$ , $\overline{\mathrm{C}_{\mathrm{L}\mathrm{a}\mathrm{p}\mathrm{u}\mathrm{t}\mathrm{a}}}=J^{+}$ .
(iii) , $F$ $J$ , $u_{\mathrm{p}}(F|_{\mathrm{R}^{2}})=\log 2$ , $\mathrm{C}_{\mathrm{L}\mathrm{a}\mathrm{p}\mathrm{u}\mathrm{t}\mathrm{a}}=J^{+}$ .
, (resp. ) $J^{\pm}$ , (resp. )
$K^{\pm}=$ { $(p,$ $\theta)|\{F^{\pm n}(p$, \mbox{\boldmath $\theta$})}n>o } (7)
:




2(Bedford-Smillie) $M$ $J^{-}$ 1 , $c$ ,
$\lim_{narrow\pm\infty}\frac{1}{2^{n}}[f^{-\mp n}M]=c\cdot dd^{c}G^{\pm}$ (9)
,
$G^{\pm}(x, y) \equiv\lim_{narrow\pm\infty}\frac{1}{2^{n}}\log^{+}||f^{n}(x, y)||$ . (10)
, $K^{\pm}$ , $dd^{c},$ $dd^{c}u \equiv 2i\sum_{j,k}$ \partial u/ zj\partial z-kdzj $\wedge d\overline{z}_{k}$
. , $[M]$ , $M$ , $[M]( \phi)=\int_{M}\phi|M$
.
1 , $(\mathrm{i})arrow(\mathrm{i}\mathrm{i})arrow(.\mathrm{i}\mathrm{i}\mathrm{i})$ ( , )
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, KAM }$\backslash -$ ,
1 .
, Bedford-Smillie , $\mathrm{A}\backslash$
.
, $G^{\pm}(x, y)$ (1,y-
$\mu^{\pm}\equiv\frac{1}{2\pi}G^{\pm}(x,y)$ (11)
, $\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}\mu^{\pm}=J^{\pm}$ , , $\mu\equiv\mu^{+}\Lambda\mu^{-}$ $\mu$ F-
, $J^{*}\equiv \mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}\mu\subset J$ [9] ( $F$ , $\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}\mu=J$
). .
3(Bedford-Smillie) $\mu$ .
, $\dot{\mu}$ . , , $J^{*}=\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}\mu$
, .
, $J^{*}$ , $F$ , ,
1 .
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159
, $J$, $K$ .
$K$ 4 . , $J\neq K$ ,
. 1 ,
, , , $K$
( , 2 ) .
, $K$ 4 , , $J=K$ . KAM
$\}\backslash -$ , , , $K$
, $K$ 4 , KAM $J$
. , ,
$\mathrm{K}\mathrm{A}\mathrm{M}$ $\text{ }-$ , fJ
, .
$\mu$
, 3 , $J=K$ , KAM $\text{ }-$
, $J$ ( , )
. , KAM
, ( ,






, . , $a$ $F$
,
(i) $|a|=1$ , $m(K)=m(K^{+})=m(K^{-})<+\infty$
(ii) $|a|<1$ , $m(K^{-})=0$ , $m(K^{+})=0$ $\infty$
(iii) $|a|>1$ , $m(K^{+})=0$ , $m(K^{-})=0$ $\infty$
.
, , , $K$ ,
, . $\Delta=\{\zeta\in \mathrm{C}||\zeta|<r\}(r>0)$
1 1 $\phi$ : $\Deltaarrow \mathrm{C}$ $n$ , $f^{n}(\phi(\zeta))=\phi(\mathrm{e}^{\dot{l}\pi\kappa}\zeta)(\zeta\in\Delta)$ (
$\kappa$ ) , $D=\phi(\Delta)$ . , $A=\{\zeta\in$
$\mathrm{C}|r_{1}<|\zeta|<r_{2}\}(0<r_{1})$ 1 1 $\phi$ : $Aarrow \mathrm{C}$ $n$ ,
$f^{n}(\phi(\zeta))=\phi(\mathrm{e}^{i\pi\kappa}\zeta)(\zeta\in A)$ ( $\kappa$ ) , $H=\phi(A)$ .
, , , 1





KAM . ( $\mathfrak{y}$ KAM , $(\ovalbox{\tt\small REJECT}\theta)$
, ( ) $\omega$ , $\varphi$ $\ovalbox{\tt\small REJECT}$
$\mathrm{C}_{\omega}$ : $(\begin{array}{l}p\theta\end{array})=($ $2\pi\omega+u(\varphi,\omega)-u(\varphi-2\pi\omega,\omega))$ (12)
$\varphi+u(\varphi,\omega)$
. (1) $H(p)=p^{2}/2$ . KAM $\text{ }-$
, $\varphi_{n+1}=\varphi_{n}+2\pi\omega$ . $u(\varphi,\omega)$ , :
$u(\varphi+2\pi\omega,\omega)-2u(\varphi,\omega)+u(\varphi-2\pi\omega,\omega)=V’(\varphi+u(\varphi,\omega))$ . (13)
$\omega$ KAM , $u(\varphi,\omega)$ , $\mathrm{A}1$
. Lindstedt ,
$u( \varphi,\omega)\equiv\sum_{k=1}^{\infty}K^{k}\sum_{\nu\leq k}\mathrm{e}^{i\nu\varphi}u_{\nu}^{(k)}(\omega)$ (14)
, , KAM
$[11, 12]$ . $\omega$ Lindstedt (critical function).




, $K$ , , KAM
. KAM , $\mathrm{C}^{2}$ $K$
, $\mathrm{C}^{2}$ $?\mathrm{K}\mathrm{A}\mathrm{M}$ , $\omega$
, $\omega$ . , KAM ,
[$\varphi$ $+$ ] 2 [$\omega$ ]
3 , 4 . $\omega$ , Lindstedt
, , ${\rm Re}\omega$
, , , ,
$F\equiv \mathrm{C}^{2}-K$ .
, 2 , , $m(K)=$
$0$ , , $J=K$ . ( )
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, $|p>$ , (1) $(K=0)$ . $K=0$
(3) , $p0$ $p_{n}$ , , $\alpha\neq\beta$
, $\theta_{0}$ , $p0$ $Pn$
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. $K>0$ $\text{ }-$ , $\omega$ , (12)
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.
1 , , $\theta=\xi+i\eta$
, KAM , $\varphi=\xi+i\eta$
. $C_{\omega}$ , $u(\varphi,\omega)$ , $\varphi=\xi+i\eta$
, .
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